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The photoproduction of γp → K+Σ0(1385) is investigated based on an effective Lagrangian ap-
proach at the tree-level Born approximation, with the purpose being to understand the reaction
mechanisms and the resonance contents and their associated parameters in this reaction. In addi-
tion to the t-channel K and K∗ exchanges, the s-channel nucleon (N) exchange, the u-channel Λ
exchange, and the generalized contact term, the exchanges of a minimum number of N and ∆ res-
onances in the s channel are taken into account in constructing the reaction amplitudes to describe
the experimental data. It is found that the most recent differential cross-section data from the
CLAS Collaboration can be well reproduced by including one of the N(1895)1/2−, ∆(1900)1/2−,
and ∆(1930)5/2− resonances. The reaction mechanisms of γp → K+Σ0(1385) are detailedly dis-
cussed, and the predictions of the beam and target asymmetries for this reaction are given. The
cross sections of γp→ K0Σ+(1385) are shown to be able to further constrain the theoretical models
and pin down the resonance contents for γp→ K+Σ0(1385).
PACS numbers: 25.20.Lj, 13.60.Le, 14.20.Gk
I. INTRODUCTION
The study of nucleon resonances (N∗’s) and ∆ reso-
nances (∆∗’s) has always been of great interest in hadron
physics, since a deeper understanding of N and ∆ reso-
nances is essential to get insight into the non-perturbative
regime of Quantum Chromodynamics (QCD). It is known
that most of our current knowledge about N∗’s and ∆∗’s
is mainly coming from piN scattering or pi photoproduc-
tion reactions. Nevertheless, quark models [1–3] pred-
icated much more N∗’s and ∆∗’s than experimentally
observed. One possible explanation of this situation is
that some of the N∗’s and ∆∗’s couple weekly to piN but
strongly to other meson production reactions. Therefore,
it is interesting and necessary to study the N∗’s and ∆∗’s
in production reactions of mesons other than pi. In the
present work, we concentrate on the photoproduction of
K+Σ0(1385). Since the threshold of KΣ(1385) is much
higher than that of piN , the KΣ(1385) photoproduction
reaction is rather suitable to investigate the N∗’s and
∆∗’s in the less-explored higher energy region.
Experimentally, in 1970’s there were limited experi-
mental data with large error bars on total cross sections
for γp → K+Σ0(1385) [4–6]. In 2013, the differential
cross-section data for γp → K+Σ0(1385) became avail-
able in the range of center-of-mass energyW ≈ 2.0 ∼ 2.8
GeV from the CLAS Collaboration at the Thomas Jef-
ferson National Accelerator Facility [7]. These new dif-
ferential cross-section data provide strengths in the as-
pects of constraining the theoretical amplitudes for γp→
K+Σ0(1385), and, however, are scarce at very backward
and very forward angles, which leads to much uncertain-
ties in the theoretical investigations of this reaction.
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Theoretically, based on an effective Lagrangian ap-
proach, a hadronic model for γp → K+Σ0(1385) has
been proposed in 2008 in Ref. [8], where eight N and
∆ resonances around 2 GeV among tens of resonances
predicated by a quark model [9] are considered. In
this pioneering work, the resonance masses and the
resonance hadronic and electromagnetic couplings are
taken to be the corresponding values calculated in the
quark model [9], and the resonance widths are set to
be a common value, 300 MeV. It was found that the
resonance contributions are mainly coming from the
∆(2000)5/2+, ∆(1940)3/2−, N(2120)3/2− (previously
calledN(2080)3/2−), andN(2095)3/2− resonances. One
notices that in this work, although the calculated to-
tal cross sections are in good agreement with the corre-
sponding preliminary data, there are still some discrep-
ancies between their predicated differential cross sections
with the CLAS data published in 2013 [7], especially
in the near-threshold energy region. In 2014, the reac-
tion γp → K+Σ0(1385) has been investigated within a
Regge-plus-resonance approach in Ref. [10]. The theoret-
ical framework employed in this work is similar to that
proposed in Ref. [8], with the major difference being the
following: (i) in Ref. [10] the t-channel K and K∗ ex-
changes are considered in a particular Regge type instead
of a pure Feynman type, which introduces four additional
parameters in the weighting function (form factors), (ii)
nine instead of eight N and ∆ resonances around 2 GeV
among tens of resonances predicated by the quark model
of Ref. [9] are considered, and (iii) a common width of
500 MeV instead of 300 MeV has been set for all the res-
onances. In Ref. [10], the CLAS differential cross-section
data [7] have been well reproduced, and it was found
that the cross sections of γp → K+Σ0(1385) are domi-
nated by the contact term, while the contributions from
all the considered resonances are much smaller than those
in Ref. [8] due to the much larger resonance width. In
22017, the reaction γp→ K+Σ0(1385) has been studied in
a Regge model in Ref. [11], where the Reggeized t-channel
K, K∗, and K∗2 (1430) exchanges are considered, and it
was found that the reaction mechanism is featured by
the dominance of the contact term plus the K exchange
with the role of the K∗2 (1430) following rather than the
K∗. One sees that in Ref. [11], the total cross-section
data are well reproduced, but considerable discrepancies
are still seen in the calculated differential cross sections
compared with the corresponding data due to the lack of
N and ∆ resonances.
In the present work, we investigate the γp →
K+Σ0(1385) reaction within an effective Lagrangian ap-
proach at the tree-level Born approximation. In addition
to the t-channel K and K∗ exchanges, the s-channel N
exchange, the u-channel Λ exchange, and the general-
ized contact term, we consider as few as possible N and
∆ resonances in the s channel to describe the most re-
cent differential cross-section data from the CLAS Col-
laboration [7]. The t-, s-, and u-channel amplitudes are
obtained by evaluating the corresponding Feynman dia-
grams, and the generalized contact term is constructed to
ensure the gauge invariance of the full photoproduction
amplitudes. With regard to the N and ∆ resonances,
the present work differs majorly from Refs. [8, 10] in the
following three aspects: (i) in the present work we intro-
duce N and ∆ resonances as few as possible to reproduce
the data, while in Refs. [8, 10] eight or nine resonances
among tens of resonances predicated by a quark model
calculation [9] are considered, (ii) in the present work the
masses and widths of the resonances are fixed to be their
values advocated by the Particle Data Group (PDG) [12],
while in Refs. [8, 10] the masses of the resonances are
taken from a quark model calculation [9] and the widths
for all the resonances are set to be a common value, 300
or 500 MeV, respectively, and (iii) in the present work
the resonance couplings are treated as parameters to be
determined by fits to the data, while in Refs. [8, 10] they
are fixed by the decay amplitudes calculated in a quark
model [9]. One believes that such an independent anal-
ysis of the available data for γp → K+Σ0(1385) as per-
formed in the present work is necessary and useful for
a better understanding of the reaction mechanisms, the
resonance contents, and the associated resonance param-
eters in this reaction.
The present paper is organized as follows. In Sec. II,
we briefly introduce the framework of our theoretical
model, including the generalized contact current, the ef-
fective interaction Lagrangians, the resonance propaga-
tors, and the phenomenological form factors employed
in the present work. In Sec. III, we present our theo-
retical results of differential and total cross sections for
γp→ K+Σ0(1385), and a discussion of the contributions
from individual terms is given as well. Furthermore, the
beam and target asymmetries for γp→ K+Σ0(1385) and
the total cross sections for γp→ K0Σ+(1385) are shown
and discussed in this section. Finally, a brief summary
and conclusions are given in Sec. IV.
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FIG. 1. Generic structure of the amplitude for γp →
K+Σ0(1385). Time proceeds from left to right. The sym-
bol Σ∗ denotes Σ(1385).
II. FORMALISM
Following a full field theoretical approach of Refs. [13,
14], the full photoproduction amplitudes for γN →
KΣ(1385) can be expressed as
Mνµ =Mνµs +M
νµ
t +M
νµ
u +M
νµ
int , (1)
with ν and µ being the Lorentz indices of Σ(1385) and
photon γ, respectively. The first three terms Mνµs , M
νµ
t ,
and Mνµu stand for the s-, t-, and u-channel pole dia-
grams, respectively, with s, t, and u being the Man-
delstam variables of the internally exchanged particles.
They arise from the photon attaching to the external par-
ticles in the underlying KNΣ(1385) interaction vertex.
The last term, Mνµint , stands for the interaction current
which arises from the photon attaching to the internal
structure of the KNΣ(1385) interaction vertex. All the
four terms in Eq. (1) are diagrammatically depicted in
Fig. 1.
In the present work, the following contributions, as
shown in Fig. 1, are considered in constructing the s-,
t-, and u-channel amplitudes: (i) N , N∗, and ∆∗ ex-
changes in the s channel, (ii) K and K∗ exchanges in the
t channel, and (iii) Λ hyperon exchange in the u channel.
We mention that following Refs. [8, 10], the exchanges of
other hyperon states in the u channel are omitted in the
present work. Using an effective Lagrangian approach,
one can, in principle, obtain explicit expressions for these
amplitudes by evaluating the corresponding Feynman di-
agrams. However, the exact calculation of the interaction
current Mνµint is impractical, as it obeys a highly non-
linear equation and contains diagrams with very compli-
cated interaction dynamics. Furthermore, the introduc-
tion of phenomenological form factors makes it impossi-
ble to calculate the interaction current exactly even in
principle. Following Refs. [13–16], we model the inter-
action current by a generalized contact current, that ac-
counts effectively for the interaction current arising from
3the unknown parts of the underlying microscopic model,
Mνµint = Γ
ν
Σ∗NK(q)C
µ +MνµKRft. (2)
Here ν and µ are Lorentz indices for Σ(1385) and
γ, respectively; ΓνΣ∗NK(q) is the vertex function of
Σ(1385)NK coupling given by the Lagrangian of
Eq. (17),
ΓνΣ∗NK(q) = −
gΣ∗NK
MK
qν , (3)
with q being the 4-momentum of the outgoing K me-
son; MνµKR is the Kroll-Ruderman term given by the La-
grangian of Eq. (25),
MνµKR =
gΣ∗NK
MK
gνµTQK , (4)
with T denoting the isospin factor of the Σ(1385)NK
coupling and QK being the electric charge of out goingK
meson; ft is the phenomenological form factor attached
to the amplitude of t-channel K-exchange, which is given
in Eq. (32); Cµ is an auxiliary current, which is non-
singular, introduced to ensure that the full photoproduc-
tion amplitudes of Eq. (1) are fully gauge invariant. Fol-
lowing Refs. [14, 15], we choose Cµ for γp→ K+Σ0(1385)
as
Cµ = −QK ft − Fˆ
t− q2 (2q − k)
µ −QN fs − Fˆ
s− p2 (2p+ k)
µ, (5)
with
Fˆ = 1− hˆ (1− fs) (1− ft) . (6)
Here p, q, and k are 4-momenta for incoming N , outgoing
K, and incoming photon, respectively; QN(K) is the elec-
tric charge of N (K); fs and ft are the phenomenological
form factors for s-channel N exchange and t-channel K
exchange, respectively; hˆ is an arbitrary function going
to unity in high-energy limit and is set to be hˆ = 1 in the
present work for simplicity.
In the rest of this section, we present the effective
Lagrangians, the resonance propagators, and the phe-
nomenological form factors employed in the present work.
A. Effective Lagrangians
The effective interaction Lagrangians used in the
present work for the production amplitudes are given be-
low. For further convenience, we define the operators
Γ(+) = γ5 and Γ
(−) = 1, (7)
the field
Σ∗ = Σ(1385), (8)
and the field-strength tensors
Fµν = ∂µAν − ∂νAµ, (9)
with Aµ denoting the electromagnetic field.
The electromagnetic interaction Lagrangians required
to calculate the non-resonant Feynman diagrams are
LγKK = ie
[
K+
(
∂µK−
)−K− (∂µK+)]Aµ, (10)
LγKK∗ = egγKK
∗
MK
εαµλν (∂αAµ) (∂λK)K
∗
ν , (11)
LNNγ = − eN¯
[(
eˆγµ − κˆN
2MN
σµν∂ν
)
Aµ
]
N, (12)
LΣ∗Λγ = −ie
g
(1)
Σ∗Λγ
2MN
Σ¯∗µγνγ5F
µνΛ
+ e
g
(2)
Σ∗Λγ
(2MN)
2 Σ¯
∗
µγ5F
µν∂νΛ +H. c., (13)
where e is the elementary charge unit and eˆ stands for
the charge operator; κˆN = κp (1 + τ3) /2+κn (1− τ3) /2,
with the anomalous magnetic moments κp = 1.793 and
κn = −1.913; MN and MK stand for the masses of N
and K, respectively; εαµλν is the totally antisymmet-
ric Levi-Civita tensor with ε0123 = 1. The value of the
electromagnetic coupling gγKK∗ is determined by fitting
the radiative decay width of K∗ → Kγ given by PDG
[12], which leads to gγK±K∗± = 0.413 with the sign in-
ferred from gγpiρ [17] via the flavor SU(3) symmetry con-
siderations in conjunction with the vector-meson dom-
inance assumption. The coupling constants g
(1)
Σ∗Λγ and
g
(2)
Σ∗Λγ are constrained by the radiative decay width of
ΓΣ0(1385)→Λγ = 0.45 MeV [12], thus only one of them is
free. In the present work, we treat the ratio g
(1)
Σ∗Λγ/g
(2)
Σ∗Λγ
as a fit parameter.
The resonance-nucleon-photon transition Lagrangians
are
L1/2±RNγ = e
g
(1)
RNγ
2MN
R¯Γ(∓)σµν (∂
νAµ)N +H. c., (14)
L3/2±RNγ = − ie
g
(1)
RNγ
2MN
R¯µγνΓ
(±)FµνN
+ e
g
(2)
RNγ
(2MN)
2 R¯µΓ
(±)Fµν∂νN +H. c., (15)
L5/2±RNγ = e
g
(1)
RNγ
(2MN)
2 R¯µαγνΓ
(∓) (∂αFµν)N
± ie g
(2)
RNγ
(2MN)
3 R¯µαΓ
(∓) (∂αFµν) ∂νN
+H. c., (16)
where R designates the N or ∆ resonance, and the su-
perscript of LRNγ denotes the spin and parity of the
resonance R. The coupling constants g
(i)
RNγ (i = 1, 2)
can be, in principle, be determined by the resonance ra-
diative decay amplitudes. Nevertheless, since the reso-
nance hadronic coupling constants are unknown due to
4the lack of experimental information on the resonance
decay to KΣ(1385), we treat the products of the elec-
tromagnetic and hadronic coupling constants—which are
relevant to the production amplitudes—as fit parameters
in the present work.
The effective Lagrangians for meson-baryon interac-
tions are
LΣ∗NK = gΣ
∗NK
MK
Σ¯∗µ
(
∂µK¯
)
N +H. c., (17)
LΛNK = − gΛNK
2MN
Λ¯γ5γ
µ (∂µK)N +H. c., (18)
LΣ∗NK∗ = − i g
(1)
Σ∗NK∗
2MN
Σ¯∗µγνγ5K
∗µνN
+
g
(2)
Σ∗NK∗
(2MN)
2 Σ¯
∗
µγ5K
∗µν∂νN
− g
(3)
Σ∗NK∗
(2MN)
2 Σ¯
∗
µγ5 (∂νK
∗µν)N +H. c.. (19)
The coupling constant gΛNK ≈ −14 is determined by
the flavor SU(3) symmetry, gΛNK =
(−3√3/5) gNNpi
with gNNpi = 13.46. The coupling constants gΣ∗NK
and g
(1)
Σ∗NK∗ are also fixed by the flavor SU(3) symmetry
[18, 19],
gΣ∗NK
MK
= − 1√
6
g∆Npi
Mpi
, (20)
g
(1)
Σ∗NK∗ = −
1√
6
g∆Nρ. (21)
By use of the value g∆Npi = 2.23 which is determined
from the ∆ resonance decay width, Γ∆→Npi = 120 MeV,
and the empirical value g∆Nρ = −39.1, one gets gΣ∗NK =
−3.22 and g(1)Σ∗NK∗ = 15.96. As the g(2) and g(3) terms
in the ∆Nρ interactions have never been seriously stud-
ied in literature, the corresponding coupling constants in
Σ∗NK∗ vertices, i.e. g
(2)
Σ∗NK∗ and g
(3)
Σ∗NK∗ , cannot be de-
termined via flavor SU(3) symmetry, and we ignore these
two terms in the present work, following Refs. [20–23].
The effective Lagrangians for resonance hadronic ver-
tices can be written as
L1/2±RΣ∗K =
g
(1)
RΣ∗K
MK
Σ¯∗µΓ
(∓) (∂µK)R+H. c., (22)
L3/2±RΣ∗K =
g
(1)
RΣ∗K
MK
Σ¯∗µγ
αΓ(±) (∂αK)R
µ
+ i
g
(2)
RΣ∗K
M2K
Σ¯∗αΓ
(±) (∂µ∂αK)Rµ +H. c.,(23)
L5/2±RΣ∗K = i
g
(1)
RΣ∗K
M2K
Σ¯∗αγ
µΓ(∓) (∂µ∂βK)R
αβ
− g
(2)
RΣ∗K
M3K
Σ¯∗µΓ
(∓)
(
∂µ∂α∂βK
)
Rαβ
+H. c.. (24)
In the present work, the g
(2)
RΣ∗K terms in L3/2±RΣ∗K and
L5/2±RΣ∗K are ignored for the sake of simplicity. The cou-
pling constants g
(1)
RΣ∗K are treated as fit parameters. Ac-
tually, only the products of the electromagnetic couplings
and the hadronic couplings of N or ∆ resonances are rel-
evant to the reaction amplitudes, and these products are
what we really fit in practice.
The effective Lagrangian for the Kroll-Ruderman term
of γN → KΣ(1385) reads
LγΣ∗NK = −iQK gΣ
∗NK
MK
Σ¯∗µAµK¯N +H. c., (25)
which is obtained by the minimal gauge substitution
∂µ → Dµ ≡ ∂µ − iQKAµ in the LΣ∗NK interaction La-
grangian of Eq. (17). The coupling constant gΣ∗NK has
been given in Eq. (20).
B. Resonance propagators
For spin-1/2 resonance propagator, we use the ansatz
S1/2(p) =
i
p/−MR + iΓR/2 , (26)
where MR and ΓR are, respectively, the mass and width
of resonance R, and p is the resonance four-momentum.
Following Refs. [24–26], the prescriptions of the prop-
agators for resonances with spin-3/2 and -5/2 are
S3/2(p) =
i
p/−MR + iΓR/2
(
g˜µν +
1
3
γ˜µγ˜ν
)
, (27)
S5/2(p) =
i
p/−MR + iΓR/2
[
1
2
(
g˜µαg˜νβ + g˜µβ g˜να
)
− 1
5
g˜µν g˜αβ +
1
10
(
g˜µαγ˜ν γ˜β + g˜µβ γ˜ν γ˜α
+ g˜ναγ˜µγ˜β + g˜νβ γ˜µγ˜α
)]
, (28)
where
g˜µν = − gµν + pµpν
M2R
, (29)
γ˜µ = γ
ν g˜νµ = −γµ + pµp/
M2R
. (30)
C. Form factors
Each hadronic vertex obtained from the Lagrangians
given in Sec. II A is accompanied with a phenomeno-
logical form factor to parametrize the structure of the
hadrons and to normalize the behavior of the produc-
tion amplitude. Following Refs. [21, 22], for intermediate
5TABLE I. Model parameters. The asterisks below resonance
names denote the overall status of these resonances evaluated
by PDG [12]. The resonance mass MR and width ΓR are
fixed to be the values estimated by PDG, with the numbers
in brackets below MR and ΓR representing the range of the
corresponding quantities given by PDG [12].
Model I Model II Model III
g
(1)
Σ∗Λγ/g
(2)
Σ∗Λγ −2.28± 0.25 −1.34± 0.31 −0.60± 0.20
ΛK,K∗ [MeV] 924± 1 933± 2 950 ± 1
ΛN [MeV] 1495 ± 11 1500 ± 10 800 ± 8
ΛΛ [MeV] 800± 10 838± 11 813 ± 9
N(1895)1/2− ∆(1900)1/2− ∆(1930)5/2−
∗∗∗∗ ∗∗∗ ∗∗∗
MR [MeV] 1895 1860 1950
[1870 ∼ 1920] [1840 ∼ 1920] [1900 ∼ 2000]
ΓR [MeV] 120 250 300
[80 ∼ 200] [180 ∼ 320] [200 ∼ 400]
ΛR [MeV] 1368± 8 1278 ± 10 943 ± 6
g
(1)
RNγg
(1)
RΣ∗K −3.00± 0.06 3.25± 0.08 −0.24± 0.06
g
(2)
RNγg
(1)
RΣ∗K 11.59 ± 0.13
baryon exchange we take the form factor as
fB(p
2) =
(
Λ4B
Λ4B + (p
2 −M2B)
2
)2
, (31)
where p and MB denote the four-momentum and the
mass of the exchanged baryon B, respectively. The cutoff
mass ΛB is treated as a fit parameter for each exchanged
baryon. For intermediate meson exchange, we take the
form factor as
fM (q
2) =
(
Λ2M −M2M
Λ2M − q2
)2
, (32)
where q represents the four-momentum of the interme-
diate meson, and MM and ΛM designate the mass and
cutoff mass of exchanged meson M , respectively. In the
present work, we use the same cutoff parameter, ΛK,K∗ ,
for both K and K∗ exchanges in the t channel.
Note that the gauge-invariance feature of our photo-
production amplitude is independent of the specific form
of the form factors.
III. RESULTS AND DISCUSSION
As mentioned in Sec. I, the reaction γp→ K+Σ0(1385)
has been investigated in Refs. [8, 10] within hadronic
models based on effective Lagrangian approaches. In
these two works, eight or nine N and ∆ resonances
around 2 GeV among tens of resonances predicated by
a quark model [9] have been considered. The resonance
masses are taken from the quark model calculations. The
resonance hadronic and electromagnetic coupling con-
stants are determined by the resonance decay amplitudes
calculated in the quark model [9]. The resonance widths
are set to be a common value, 300 or 500 MeV. It was
found that in Ref. [8] the contributions from the N and ∆
resonances to the cross sections are finite, and in Ref. [10]
the contributions from the N and ∆ resonances are even
smaller than those in Ref. [8] due to a much larger width
being set for all the resonances.
In the present work, we analyze the available cross-
section data for γp → K+Σ0(1385) within an effective
Lagrangian approach at the tree-level Born approxima-
tion, with the purpose being to understand the reaction
mechanisms and the resonance contents and their asso-
ciated parameters in this reaction. In addition to the t-
channelK andK∗ exchanges, the s-channel N exchange,
the u-channel Λ exchange, and the generalized contact
term, we introduce a minimum number of N and ∆ reso-
nances in the s channel in constructing the reaction am-
plitudes to describe the data. We take the PDG values
for resonance masses and widths, and treat the products
of resonance electromagnetic and hadronic coupling con-
stants as fit parameters due to the lack of experimental
information on resonance decays to KΣ(1385).
As mentioned above, we introduceN and ∆ resonances
as few as possible to describe the data. If no resonance
exchange is taken into account, we find that the exper-
imental data in the high-energy region can be well de-
scribed without any problem. However, the calculated
theoretical cross sections in the low-energy region are
much smaller than the corresponding experimental val-
ues, indicating the indispensability of the contributions
from the N or ∆ resonances. We then introduce one reso-
nance in the s channel in constructing the reaction ampli-
tudes. We test one by one of all the N and ∆ resonances
with different spin-parity near the KΣ(1385) threshold
in PDG [12]. Finally, we find that the most recent avail-
able differential cross-section data for γp→ K+Σ0(1385)
from the CLAS Collaboration [7] can be satisfactorily de-
scribed with one of the N(1895)1/2
−
, ∆(1900)1/2
−
, and
∆(1930)5/2
−
resonances, among which the first one is
evaluated by PDG as a four-star resonance and the other
two are evaluated as three-star resonances. We refer to
the models including the N(1895)1/2−, ∆(1900)1/2−,
and ∆(1930)5/2
−
resonances as model I, model II, and
model III, respectively. The parameters of these three
models are listed in Table I, and the corresponding the-
oretical results for differential cross sections are shown,
respectively, in Figs. 2–4.
In Table I, the uncertainties of the values of fit param-
eters are estimates arising from the uncertainties (error
bars) associated with the fitted experimental differential
cross-section data. One sees from Table I that the values
of ΛK,K∗ , the cutoff parameter for the t-channel K and
K∗ exchanges, are close to each other in all these three
models, indicating similar contributions from t-channel
K and K∗ exchanges in these models. The values of
ΛN , the cutoff parameter for the s-channel N exchange,
60.1
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FIG. 2. (Color online) Differential cross sections for γp →
K+Σ0(1385) as a function of cos θ in model I. The black solid
lines represent the results from the full calculation. The cyan
dash-doted, blue dashed, green dash-double-dotted, red dot-
double-dashed, and violet dotted lines represent the individ-
ual contributions from the s-channel N(1895)1/2− exchange,
the generalized contact term, the u-channel Λ exchange, the
t-channel K exchange, and the s-channel N exchange, respec-
tively. The scattered symbols denote the data from the CLAS
Collaboration [7]. The numbers in parentheses denote the
centroid value of the photon laboratory incident energy (left
number) and the corresponding total center-of-mass energy of
the system (right number), in MeV.
are very close to each other in models I and II, and
both are much larger than that in model III, implying
much smaller contributions from s-channel N exchange
in model III than in models I and II. For the u-channel Λ
exchange, the values of the cutoff parameter ΛΛ in mod-
els I, II, and III are close to each other, but the values
for the coupling constants are not, resulting in different
u-channel contributions in these three models as can be
seen in Figs. 2–4. For N and ∆ resonances, the aster-
isks below resonance names denote the overall status of
these resonances evaluated by PDG [12]. The resonance
mass MR and width ΓR in all these three models are not
treated as fit parameters, but fixed to be the correspond-
ing values estimated by PDG. The numbers in brackets
belowMR and ΓR represent the range of the correspond-
ing quantities given by PDG [12]. The resonance cutoff
parameter and the products of the resonance hadronic
and electromagnetic coupling constants are determined
by fits to the differential cross-section data.
The theoretical results of the differential cross sections
for γp → K+Σ0(1385) obtained in models I, II, and III
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FIG. 3. (Color online) Differential cross sections for γp →
K+Σ0(1385) as a function of cos θ in model II. The notations
are the same as in Fig. 2 except that the cyan dash-doted lines
now represent the individual contributions from the s-channel
∆(1900)1/2− exchange.
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FIG. 4. (Color online) Differential cross sections for γp →
K+Σ0(1385) as a function of cos θ in model III. The notations
are the same as in Fig. 2 except that the cyan dash-doted lines
now represent the individual contributions from the s-channel
∆(1930)5/2− exchange.
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FIG. 5. Total cross sections with dominant individual con-
tributions for γp → K+Σ0(1385). The panels from top to
bottom correspond to the results of modes I–III, as indicated.
The data are from CLAS [7] but not included in the fit.
with parameters listed in Table I are shown in Figs. 2–4,
respectively. There, the black solid lines represent the
results from the full calculation. The blue dashed, green
dash-double-dotted, red dot-double-dashed, and violet
dotted lines represent the individual contributions from
the interaction current (the generalized contact term),
the u-channel Λ exchange, the t-channel K exchange,
and the s-channel N exchange, respectively. The cyan
dash-doted lines in Figs. 2–4 denote the individual contri-
butions from the s-channel N(1895)1/2−, ∆(1900)1/2−,
and ∆(1930)5/2− exchanges, respectively. The contri-
butions from the t-channel K∗ exchange are too small
to be clearly seen with the scale used, and thus are not
plotted. The scattered symbols represent the data from
the CLAS Collaboration [7]. The numbers in parenthe-
ses denote the centroid value of the photon laboratory
incident energy (left number) and the corresponding to-
tal center-of-mass energy of the system (right number),
in MeV.
One sees from Figs. 2–4 that the overall agreement of
our theoretical results with the CLAS differential cross-
section data is rather satisfactory in all the models I, II,
and III. In the low-energy region, the differential cross
sections are dominated by the generalized contact term
and the resonance exchange. In the high-energy region,
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FIG. 6. (Color online) Photon beam asymmetries as functions
of cos θ for γp → K+Σ0(1385). The numbers in parentheses
denote the photon laboratory incident energy (left number)
and the total center-of-mass energy of the system (right num-
ber), in MeV. The black solid curve, blue double-dash-dotted
curve, and green dashed curve represent the predictions from
the models I–III, respectively.
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FIG. 7. (Color online) Same as in Fig. 6 for target nucleon
asymmetries.
the differential cross sections at forward angles are dom-
inated by the generalized contact term followed by the
t-channel K exchange, and the differential cross sections
at backward angles are dominated by the u-channel Λ
exchange. In the whole energy region, the contributions
from the t-channel K exchange in all the models I, II,
and III are very similar, which is easy to be understood
since the values of the cutoff parameter ΛK are very close
to each other in these three models as listed in Table I.
The contributions from the generalized contact term in
models I and II are very similar to each other, but both
are smaller than those in model III in backward and in-
termediate angles. This is principally because the con-
tributions of the generalized contact term are relevant to
the cutoff parameters ΛK and ΛN via the form factors
ft and fs (cf. Eq. (5)), while the values of ΛK in all the
models I–III are very close to each other, and the val-
ues of ΛN in models I and II are almost the same but
both are much larger than that in model III. The con-
tributions from the u-channel Λ exchange are noticeable
at backward angles in the high-energy region, and are a
little bit bigger in models I and II than in model III. The
contributions from the s-channel N exchange are visible
but small at high energies in models I and II, while they
are too small to be plotted in model III due to the much
8smaller cutoff value of ΛN in model III than in models
I and II. The resonance exchange contributes mainly in
the low-energy region. One sees that the contributions
from the resonance exchange in models I and II are sim-
ilar to each other. This is mostly because in these two
models, the resonances N(1895)1/2− and ∆(1900)1/2−
have the same quantum numbers of spin and parity, and
the difference of the isospin factor can be absorbed into
the fit parameter of the coupling constants. In model III,
the resonance ∆(1930)5/2− exchange contributes notice-
ably only below 3 GeV, and overall they are much smaller
than the contributions ofN(1895)1/2− and ∆(1900)1/2−
in models I and II. Of course, the shape of the resonance
contribution in model III is quite different from those in
models I and II due to the difference of the resonance
quantum numbers.
Figure 5 shows our predicted total cross sections
(black solid lines) together with individual contributions
from the interaction current (blue dashed lines), the s-
channel resonance exchange (cyan dash-doted lines), the
u-channel Λ exchange (green dash-double-dotted lines),
the t-channel K exchange (dot-double-dashed lines), and
the s-channel N exchange (violet dotted lines) obtained
by integrating the corresponding results for differential
cross sections from models I–III. The contributions from
the t-channel K∗ exchange are not plotted since they are
too small to be clearly seen with the scale used. Note
that the total cross-section data are not included in our
fits. One sees from Fig. 5 that in all the models I–III, our
predicted total cross sections are in good agreement with
the data over the entire energy region considered. It is
seen that in all these three models, the generalized con-
tact term has dominant contributions. Actually, as has
been discussed in connection with the differential cross
section results, the generalized contact term is relevant
to the parameters ΛK and ΛN via the t-channel and s-
channel form factors (cf. Eq. (5)). Therefore, in models
I and II, the contributions from the generalized contact
current are similar, and they both are a little bit smaller
than those in model III, since the values of ΛK are simi-
lar in models I–III, while the values of ΛN are almost the
same in models I and II but both are much larger than
that in model III. The contributions from the t-channel
K exchange are considerable in models I–III, and they
are almost the same in all these three models due to the
similar values of the cutoff parameter ΛK . Small but no-
ticeable contributions of the u-channel Λ exchange to the
total cross sections are seen, and these contributions are
bigger in models I and II than in model III. The contri-
butions from the s-channel N exchange are even smaller
than the u-channel Λ exchange, and in model III they are
not plotted as they are too small due to the much smaller
cutoff value of ΛN in model III than in models I and II.
In all the models I–III, the contributions from the reso-
nances are responsible for the bump structure exhibited
by the total cross-section data. It is seen that the res-
onance exchange provides more important contributions
in models I and II than in model III.
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FIG. 8. Predicated total cross sections with dominant indi-
vidual contributions for γp→ K0Σ+(1385). The panels from
top to bottom correspond to the results of modes I–III, as
indicated.
As can be seen in Figs. 2–5 and as has been discussed
above, the models I–III describe the CLAS cross-section
data for γp → K+Σ0(1385) quite well with similar fit
qualities in the whole energy region considered. Never-
theless, the resonance contents in these three models are
quite different. It is expected that the spin observables
are more sensitive to the dynamical contents of various
models. In Figs. 6–7, we show the predictions of the pho-
ton beam asymmetry (Σ) and target nucleon asymme-
try (T ) from our present models. There, the black solid
curve, blue double-dash-dotted curve, and green dashed
curve represent the predictions from the models I–III, re-
spectively. One sees that the Σ in model I is similar to
that in model II, both different from that in model III. So
is the T . This means that model III can be distinguished
from models I and II by such spin observables, but mod-
els I and II are still indistinguishable. This is not a big
surprise if one notices that the major difference of models
I and II is that the resonance has isospin 1/2 in model I
and 3/2 in model II, while the resonance isospin factor
can be absorbed into the fit parameters of the resonance
coupling constants. Therefore, the contributions from all
individual terms to differential and total cross sections
in model I and model II are almost the same, as can be
seen from Figs. 2–5. Given this, one understands that
9neither the Σ and T but nor the other spin observables
for γp→ K+Σ0(1385) can be used to distinguish models
I and II. Instead, the cross sections or spin observables
for γp → K0Σ+(1385) should be able to distinguish the
models I–III due to the differences of isospin factors.
In Fig. 8, we show the predicated total cross sec-
tions together with dominant individual contributions for
γp→ K0Σ+(1385) in models I–III. Note that there is no
free parameters to calculate these results. All the differ-
ences of these contributions for γp→ K0Σ+(1385) com-
pared with those for γp → K+Σ0(1385) are due to the
differences of the isospin factors for various interacting
terms. In particular, the dominant contributions of the
contact term and the considerable contributions of the t-
channel K exchange in γp→ K+Σ0(1385) now vanish in
γp→ K0Σ+(1385). The contributions from the N reso-
nance exchange in γp→ K0Σ+(1385) are double of those
in γp → K+Σ0(1385), while the contributions from the
∆ resonance exchange in γp→ K0Σ+(1385) are one half
of those in γp→ K+Σ0(1385). Finally, one sees that the
total cross sections for γp→ K+Σ0(1385) in models I–III
are quite different, unlike the case of γp→ K0Σ+(1385)
where the models I–III result in almost the same total
cross sections. Therefore, the data on the total cross
sections for γp → K0Σ+(1385) could be used to distin-
guish the models I–III. We mention that for the same
reason, the other observables of γp → K0Σ+(1385) can
also be used to further constrain the theoretical models
of γp→ K+Σ0(1385).
IV. SUMMARY AND CONCLUSION
In the present work, we employ an effective Lagrangian
approach at the tree-level Born approximation to analyze
the most recent differential cross-section data from the
CLAS Collaboration for the γp→ K+Σ0(1385) reaction.
In addition to the t-channel K and K∗ exchanges, the
s-channel N exchange, the u-channel Λ exchange, and
the generalized contact current, the exchanges of a mini-
mum number of N and ∆ resonances in the s-channel are
introduced in constructing the reaction amplitudes to de-
scribe the data. The s-, u-, and t-channel amplitudes are
obtained by evaluating the corresponding Feynman dia-
grams, and the generalized contact current is constructed
in such a way that the full photoproduction amplitudes
are fully gauge invariant. It is found that the CLAS dif-
ferential cross-section data for γp→ K+Σ0(1385) [7] can
be well described by including one of the N(1895)1/2
−
,
∆(1900)1/2
−
, and ∆(1930)5/2
−
resonances, with the
resonance mass and width being fixed to their PDG val-
ues and the resonance coupling constants being deter-
mined by fits to the data. The total cross sections pred-
icated in the theoretical models are in good agreement
with the corresponding data.
It is shown that the generalized contact term provides
dominant contributions to the differential cross sections
of γp→ K+Σ0(1385) in the whole energy region consid-
ered. The t-channel K exchange has important contri-
butions to the differential cross sections at forward an-
gles in the high-energy region, and the u-channel Λ ex-
change has considerable contributions to the differential
cross sections at backward angles in the high-energy re-
gion. The s-channel resonance exchange has significant
contributions to the differential cross sections in the low-
energy region. The total cross sections are dominated
by the contributions from the generalized contact term
and the s-channel resonance exchange, with the later be-
ing responsible for the bump structure exhibit by the
CLAS total cross-section data. The t-channel K ex-
change has noticeable but small contributions to the total
cross sections. The u-channel Λ exchange followed by the
s-channel N exchange has even smaller contributions to
the total cross sections than the t-channel K exchange.
The predictions of the photon beam asymmetry (Σ)
and target nucleon asymmetry (T ) from our theoretical
models are also presented for the γp→ K+Σ0(1385) re-
action. The shape of them in model I are similar to these
in model II, and both are different from those in model
III. The predications of the total cross sections for the
γp → K0Σ+(1385) reaction are also given, which are
shown to be quite different in various theoretical mod-
els, and are expected to further constrain the theoretical
models for γp→ K+Σ0(1385), leading to a better under-
standing of the reaction mechanisms and the resonance
contents and associated parameters in this reaction.
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